Substitution of BrdU for dT in mammalian DNA alters the rates of DNA cleavage by restriction endonucleases in a manner that can be related to the specificity of cleavage. A formula is proposed that describes inhibitory and stimulatory contributions arising from the substitution of a Br atom for the CH3 group on T. The larger Br atom is postulated to sterically hinder the nuclease from binding to adjacent groups in the DNA cleavage site, while allowing a tighter binding to itself. The inhibition caused by steric hindrance is predicted to vary inversely with distance from the point of cleavage, whereas the stimulation caused by tighter binding is predicted to be independent of distance. The resultant formula gives a good fit to the data obtained for thirteen different restriction nucleases of known specificity. The parameters in the formula appear to be simple functions of ionic strength. This formula can be used to predict the effect of BrdU substitution on any endonuclease whose specificity of cleavage is known.
INTRODUCTION
and stirred with air bubbles from a micropipet. Since the mixture rapidly became viscous, it was diluted by adding distilled water containing 0.5% sarcosine (400 pi after 5 min and. 500 pi after 30 min). Incubation at 37°C was continued for a total of 3 hr.
The resultant solution was placed on ice and extracted with an equal volume of cold phenol saturated with K buffer. A total of three phenol extractions were made, after which the aqueous solution was extracted four times with ether to remove residual phenol. Distilled water was added to reduce the EDTA concentration to below 25 mM. DNA and RNA were then precipitated, without noticeable precipitation of EDTA, by adding 2.5 volumes of cold ethanol, gentle mixing and refrigeration at -20°C overnight.
The precipitate was pelleted by centrifugation for 30 min at 10,000 x g, rinsed once with ethanol, and dried under vacuum. To degrade RNA, the pellet was dissolved in 500 pi of A buffer (pH 8, 50 mM Tris, 10 mM NaCl, 10 mM EDTA) and digested with 50 pg of RNAase A (Worthington) at 37°C for 3 hr. 
Theoretical Formulation
In our previous paper (5), we suggested that the substitution of BrdU for dT exerts both an inhibitory and a stimulatory effect on the rate of DNA cleavage. We further suggested that the inhibitory effect results from steric hindrance by Br, whereas the stimulatory effect results from tighter binding to Br. These suggestions are consistent with known features of a Br atom and a CH3 group covalently bound to an aromatic ring (Table II) In Table III 
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t Difference between log k B /k T found experimentally for each nuclease (Table  I ) and the value predicted from the inhibitory and stimulatory contributions (Table II) with n = 1, a = 0 = -1.24, and a = 4.04.
under somewhat different buffer conditions. When the ionic strengths of the buffers are taken into account, an even better agreement between prediction and result is obtained (Fig. 3) . Of course, we have not ruled out the possibility that some of the effects observed may depend on individual enzyme
properties not related to sequence specificity. Comparisons of lsoschizomers such as Mbo I and Sau 3A may help reveal whether or not this is the case.
The formula can be used to predict the effect of BrdU substitution on any restriction endonuclease whose specific cleavage sequence Is known. From our results it appears that the formula holds equally well for nucleases which recognize sequences containing from 4 to 6 base pairs. In the case of Eco RI, the plot of fg/ff vs. f B shows a distinct curvature not seen with the other enzymes ( Fig. 1 (b) ). On the basis of the formula, we attribute the curvature it is possible that there are some unusual outside interactions which give rise to the discrepancy.
Our formulation extends and modifies the suggestions made in our previous paper (5). We had previously proposed that the inhibitory effect falls off extremely rapidly with distance and is important only when the base is immediately adjacent to the cleavage point. It this were the case, the exponent n would be large. As seen in Table IV , this idea is not borne out by the data. Instead, the inhibitory effect appears to fall off as the first power of the distance, I.e., n = 1. Furthermore, we had suggested that the inhibitory parameter a might be greater than p. We now see that a and (3 are approximately equal in magnitude, so that only one inhibitory parameter need be used.
Furthermore, the data presented in this paper suggest that the inhibitory and stimulatory parameters are sensitive to the ionic strength (|i) of the reaction buffer. Over the range of buffers used, the simple relationships a = P = -4/^ and a = 40(i appear to hold. However, studies of salt effects on individual enzymes will be needed to verify these relationships.
It remains to be shown that our theoretical formulation is applicable to 
